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Executive Summary

The five-year review of the remedial actions implemented at the Explosives/Munitions
Manufacturing Area Operable Unit (EMMA OU) of the Crab Orchard National Wildlife Refuge in
Marion, Williamson County, Illinois was completed in July 2006. A majority of the PCB OU
cleanup activities were completed in 1997. The Consent Decree for the PCB OU determined the First
Five-Year Review for the PCB OU as September 2000. The First Five-Year Review for the Metals
Area (MA) OU was completed September 2001. It was decided at the completion of the MA OU
Five-Year Review that future Five-Year Reviews would include all seven operable units. This is the
review for the EMMA OU to be included in that inclusive Five —Year Review Report.

The EMMA OU was divided into 15 individual sites. The sites are grouped into three
discrete areas: ten sites are located in the Crab Orchard Cemetery (COC) area, named for the close
proximity to the Hampton Cemetery; four sites are located in the Crab Orchard Plant (COP) area,
near the Group II load line and the former Ammonium Nitrate Plant; and one site is located in the
explosives compounds storage bunker area. Based on the findings of the 1994 Remedial
Investigation Report for the EMMA OU, soil, sediment, surface water, and groundwater had been
affected at 13 of the 15 sites (COC-1 through COC-10, COP-1 through COP-4, and Bunker1-3). The
sites contained metals and nitroaromatic compounds in various media above background
concentrations.

The results of the Baseline Risk Assessment (BRA) concluded conditions at Sites COC-1,
COC-2, COC-5, COC-7, COC-8, COC-9, COC-10, COP-1, COP-2, COP-3, and Bunker 1-3 do not
pose an unacceptable potential risk to human health and the environment. There was a potential
unacceptable risk indicated at Site COC-6. However, this potential unacceptable risk at Site COC-6
is based on an exposure scenario that is extremely unlikely. Therefore, no further action was
recommended for those sites by the ROD for the EMMA OU prepared by ESE and signed by the
USEPA and the DA in February 1997.

The BRA indicated that Sites COC-3 and COP-4 (see Figures 1, 2, and 3) posed a potential
and unacceptable risk to human health due to elevated levels of nitroaromatic compounds and metals
in the soils. Additionally, potential ecological risks to white-tailed deer, small mammals, and
bobwhite quail were identified with the two sites. The Record of Decision (ROD) determined the
following selected remedy for Sites COC-3 and COP-4:

e Excavation and offsite treatment and disposal of soil with concentrations of
nitroaromatic compounds; greater than 100,000 mg/kg and lead greater than 450
mg/kg (approximately 270 cy)

e Removal of RDX/HMX contaminated soil at Site COP-4 to a depth of 2 feet below
grade within the fenced area and disposal at an offsite permitted special waste
landfill;

e Further removal and offsite disposal of soil shown by TCLP analysis to match the
RCRA definition of a characteristic hazardous waste (2,4-DNT greater than 0.13
mg/L and lead greater than 5 mg/L) at both sites;

o Backfill excavated areas and construction and long-term maintenance of 24-inch soil
covers, land use controls, and groundwater monitoring.

In addition, the Department of Army (DA) conducted removal activities to address
unexploded ordnance at the EMMA sites. The response included surveying and excavation for
unexploded ordnance over 20 acres and reforestation of 83 acres to eliminate intrusive land use
activities. Both the remedial and removal activities at the EMMA OU sites are complete.
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The results of this five-year review indicate that the removal actions conducted and the
remedy selected are expected to be protective of human health and the environment. The soil covers
at both areas are in good condition with well established vegetation. Monitoring wells installed have
been sampled since 2001. Some metals and explosive compounds continue to be detected at values
exceeding the applicable or relevant and appropriate requirements (ARARSs) at both sites. Based on
Illinois Environmental Protection Agency (IEPA) concerns, three wells (two at Site COC-3 and one
at Site COP-4) were installed to further assist in delineating the explosive contamination plumes at
both sites. Continued groundwater monitoring at these sites is recommended to determine the extents
of the plumes and whether natural attenuation is occurring.

In March 2006, a biologist with USFWS found a mine south of sites COC-3 and COC-4 (see
Figure 4). The mine was a live, explosively loaded, M-21 Anti-Tank mine, unfuzed. The mine was
seriously deteriorated due to rust and the explosives were exposed. It was detonated in place in April
2006. USACE has an agreement with the IEPA to resolve a DSMOA dispute at Camp Ellis. As part
of this agreement, USACE pledged to follow the emergency response procedures established by
previous Illinois EPA policy regarding munitions and explosives of concern (MEC). Specifically,
USACE will provide timely notification to the Illinois Emergency Management Agency at (800-782-
7860) of any live or potentially live MEC encounter during future Camp Ellis field efforts. In
addition, USACE agreed to conduct post detonation sampling within a reasonably short period of
time following any detonation in order to determine if soils are impacted by residual nitroaromatics.
Follow up for any contamination identified in association with the destruction of MEC will be
integrated into the planned Hazardous, Toxic, and Radioactive Waste (HTRW) investigations for the
site.

In April 2006, the Hunstville Center (HNC) revised the August 1993 Restoration
Information Management System Formerly Used Defense Sites (FUDS) Project Fact Sheet. The
August 1993 Project Fact Sheet had given the Illinois Ordnance Plant a Risk Assessment Code
(RAC) score of 2, medium priority. The RAC score was revised to a score of 1, high priority
(Attachment C). Due to the discovery of the mine and the change in RAC score, USACE
recommends that a new munitions management response project (MMRP), an investigation following
the Comprehensive Environmental Response, Compensation, and Liability Act (CERCLA) process
be initiated.

The Crab Orchard National Wildlife Refuge consists of seven operable units. The next five
year report will include all of the OUs and is due in September 2011.
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Five-Year Review Summary Form

A\
SITE IDENTIFICATION

Site name: Crab orchard National Wildlife Refuge
EPA ID: 1L8143609487

Region: 05 State: IL City/County: Marion/Williamson

NPL status: Final

Remediation status (choose all that apply): Complete

Multiple OUs?* yes Construction completion date:

Has site been iut into reuse? ies

Lead agency: US Environmental Protection Agency

Author name: Karen Rabek, P.G.

Author title: Project Scientist | Author affiliation: USACE, Louisville District
Five Year Review Period: 10/01/01 to 09/30/06

Review period: January 3, 2006 to June 30, 2006

Date(s) of site inspection: January 19, 2006

Type of review: Policy

Review number: 1 (first) for EMMA OU

Triggering action:

A majority of the PCB OU cleanup activities were completed in 1997. The Consent Decree for the PCB OU
determined the First Five-Year Review for the PCB OU as September 2000. The First Five-Year Review for
the MA OU was completed September 2001. It was decided at the completion of the MA OU Five-Year
Review that future Five-Year Reviews would include all seven operable units. This is the review for the
EMMA OU to be included in that Five-Year Review Report.

Vit

| Triggering action date: 27 September 1995

Due date (five years after triggering action date): 27 September 2000

Issues:
Groundwater contamination at Site COC-3 and Site COP-4 of metals and explosive compounds.

Recommendations and Follow-up Actions:
Recommendation is to continue the semi-annual groundwater monitoring at both Site COC-3 and COP-4 to
determine extent of contamination plumes and if natural attenuation is occurring.

Protectiveness Statement:

The remedies at the Crab Orchard National Wildlife Refuge are protective of human health and the
environment, because the removal actions and land use controls at both Site COC-3 and Site COP-4 are
protective.

* [*OU” refers to operable unit.]
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Five-Year Review Report

I. Introduction

The Purpose of the Review

The purpose of five-year reviews is to determine whether the remedy at a site is protective of human
health and the environment. The methods, findings, and conclusions of reviews are documented in
Five-Year Review reports. In addition, Five-Year Review reports identify issues found during the
review, if any, and recommendations to address them.

Authority for Conducting the Five-Year Review

The Agency is preparing this five-year review pursuant to the Comprehensive Environmental
Response, Compensation, and Liability Act (CERCLA) Chapter 121 and the National Contingency Plan
(NCP). CERCLA Chapter 121 states:

If the President selects a remedial action that results in any hazardous substances,
pollutants, or contaminants remaining at the site, the President shall review such
remedial action no less often than each five years after the initiation of such remedial
action to assure that human health and the environment are being protected by the
remedial action being implemented. In addition, if upon such review it is the judgment
of the President that action is appropriate at such site in accordance with section [104]
or [106], the President shall take or require such action. The President shall report to
the Congress a list of facilities for which such review is required, the results of all such
reviews, and any actions taken as a result of such reviews.

The agency interpreted this requirement further in the National Contingency Plan (NCP); 40 CFR
§300.430(f)(4)(ii) states:

If aremedial action is selected that results in hazardous substances, pollutants, or contaminants
remaining at the site above levels that allow for unlimited use and unrestricted exposure, the lead
agency shall review such action no less offen than every five years after the initiation of the
selected remedial action.

Who Conducted the Five-Year Review

The U.S. Army Corps of Engineers, Karen Rabek, of the Louisville District, has conducted a five-year
review of the remedial actions implemented at the EMMA OU of the Crab Orchard National Wildlife
Refuge, Marion, Williamson County, Illinois. This review was conducted from January 2006 through
June 2006 for the period from September 2001 through September 2006. This report documents the
results of the review. A full list of site inspection participants is provided in Attachment C.
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\ Other Review Characteristics

This is the first Five-Year review for EMMA OU of the Crab Orchard National Wildlife Refuge. The
triggering action for this review was the completion of a majority of the PCB OU cleanup activities
completed in 1997. The Consent Decree for the PCB OU determined the First Five-Year Review for the
PCB OU as September 2000. The First Five-Year Review for the MA OU was completed September
2001. It was decided at the completion of the MA OU Five-Year Review that future Five-Year Reviews
would include all seven operable units. This is the review for the EMMA OU.

A

Vi’
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I1. Site Chronology

Table 1 lists the chronology of events for the Crab Orchard site.

Table 1: Chronology of Site Events

Crab Orchard Wildlife Refuge

First Five-Year Review
Final Report

Event

Date

Eastern portion of the refuge was transferred to the War
Department. The Illinois Ordnance Plant (I0OP) was constructed.

1941

IOP conducted trinitrotoluene (TNT) melt-pour operations,
ammonium nitrate production, storage, shipping, and
maintenance.

1941 - 1945

10P was closed shortly after the end of World War Il and was
transferred to the WAR Assets Administration (WAA) for
disposition.

1945

The property was transferred to U.S. Department of Interior
(USDOI).

1947

Crab Orchard National Wildlife Refuge (CONWR) was proposed
for inclusion on the National Priorities List (NPL).

1984

As part of the Formerly Used Defense Sites (FUDS) program.
U.S. Army Corps of Engineers (USACE) Chicago District
initiated an Inventory Project Report. Site surveys were limited to
areas associated with the Explosives/Munitions Manufacturing
Areas (EMMA) OU.

1986

U.S. EPA and USFWS entered a Federal Facility Initial
Compliance Agreement for the performance of a RI/FS in
February 1986.

1986

RI/FS began at CONWR in May 1986

1986

CONWR was included as final on the NPL as published in the
July 22 1987 Federal Register (52 FR 27620).

1987

Based on the findings of the Inventory Project Report, the
USACE - Omaha District conducted a Confirmation Study. The
Confirmation Study Report was completed by Woodward Clyde
Consultants, April 1988. The Confirmation Study focused on 14
sites in the Crab Orchard Cemetery (COC) and Crab Orchard
Plant (COP) areas. Results of magnetometer surveys indicated
buried ferrous materials. Results of some of the sampling
revealed the presence of munitions related compounds.

1988

Remedial Investigation (RI) conducted at the Polychlorinated
Biphenyls Area (PCB) and Metals Area (MA) OUs. RI/FS
complete in May 1988.

1988

ROD signed for MA OU 3 March 1990.

1990

ROD signed for PCB OU 01 August 1990.

1990

A Preliminary Assessment of the former IOP was conducted by
USACE, Chicago District with the Findings and Determination of
Eligibility dated 8 June 1990.

1990
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Table 1: Chronology of Site Events
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Event Date
TechLaw, Inc. prepared a Site Operations/Ownership History 1991
providing general site descriptions, brief site ownership history,
and site contamination history.
Consent Decree signed for PCB OU 13 May 1991. 1991
Federal Facilities Agreement signature 13 September 1991. 1991
An RI was conducted at the EMMA OU which included a 1991
Baseline Risk Assessment (BRA). Phase I field work of the RI
was conducted from August to October 1991 in the EMMA OU
by UXB International, Inc (UXB).
Phase II of the RI was conducted in June, July, and September of 1993
1993 and focused on 8 of the EMMA OU sites based on the data
from the Phase 1.
The RI for the EMMA OU was completed in September 1994. 1994
A Feasibility Study (FS) was performed on the 15 EMMA OU 1995
sites based on the RI and BRA findings. The FS evaluated 7
remedial alternatives and was completed in September 1995. A
proposed Plan (PP) for the EMMA OU was developed and
submitted for public comment in September 1995.
Record of Decision (ROD) for the EMMA OU was submitted by 1996
Environmental Science and Engineering, Inc. (ESE) in April
1996.
ROD signed for EMMA OU 19 February 1997 1997
Explanation of Significant Differences (ESD) for the EMMA OU 2000
11 January 2000.
ESD for the PCB OU 23 June 2000. 2000
First Five-Year Review completed for the PCB OU on 27 2000
September 2000.
UXO/OE removal at EMMA OU sites COC-1, COC-4, COC-6, 2000
and COC-15, June to November, by Sudhakar Company, Inc.
(SCI)
First Five-Year Review completed for the MA OU in September 2001

2001.
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III. Background
Physical Characteristics

The Crab Orchard National Wildlife Refuge (CONWR) is located approximately 5 miles
west of Marion, Illinois, primarily in Williamson County, extending into Jackson and Union Counties
in southern Illinois (Figure 1). It is located near the center of the southern tip of the state, with the
Mississippi River approximately 25 miles to the west and the Ohio River approximately 55 miles to
the east. The CONWR comprises approximately 43,500 acres of forested land, pine plantations, and
cultivated lands. Since 1947, the USFWS has operated CONWR under the authority of the U.S.
Department of Interior (DOI). Twelve lakes are located within the CONWR, including Crab Orchard
Lake, a 7,000-acre man-made reservoir.

The CONWR was included into the National Priorities List (NPL) in 1987. The U.S. Fish
and Wildlife Service (USFWS), and agency of the U.S. Department of Interior (USDOI), administers
the refuge. Affected areas within the refuge are divided into seven separate operable units (OUs).
These OUs are the Polychlorinated Biphenyls Area (PCB) OU, the Metals Area (MA) OU, the
Explosives/Munitions Manufacturing Areas (EMMA) OU, the miscellaneous Area (MISCA) OU, the
Water Towers (WT) OU, Additional Uncharacterized Sites (AUS) OU, and Lake Monitoring (LM)
Oou.

The CONWR is situated on the Illinois Basin that is the major feature of southern Illinois.
The Illinois basin is a broad, gentle, structural depression that contains more than 10,000 feet of
sedimentary rock. Williamson County lies in the southwestern limit of the basin, so the regional dip
of the bedrock is towards the center of the basin to the north and east. The topography of the area is
relatively uniform, characterized by flat to moderately sloping areas. Elevations across the area range
from 420 to 455 feet above mean sea level (msl). Numerous streams, drainage ways, and drainage
courses dissect the area.

Williamson County is underlain by Pennsylvanian-age bedrock. The bedrock at the
CONWR consists of shales, sandstones, and thin limestones of the Carbondale formation and
interbedded shales and sandstones of the Pottsville Formation. Illinoisian glacial till overlies the
bedrock and overlying the glacial till is a loess layer from the Wisconsin age.

Groundwater resources in Williamson County are relatively poor. Shallow drift wells and
cisterns have been utilized by farmers in the area; however, surface water is the principal water
source for industries and towns. The city of Marion’s water supply comes from the Marion Reservoir
with Crab Orchard Lake being a backup supply if needed during dry periods.

Land and Resource Use

The former IOP was comprised of approximately 22,481 acres of which 10,122 acres were a
public domain transfer from the Department of Agriculture to the War Department and 12,359 acres
were acquired by purchase and condemnation. This acreage is currently part of the CONWR. The
entire CONWR comprises an area of approximately 43,500 acres. The land is used as a wildlife
refuge and also for recreational, agricultural, and industrial purposes.
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The western end of CONWR around Crab Orchard Lake is used for recreational purposes,
while the eastern end is used for manufacturing facilities. Access to the eastern portion is closed to
the public, except for limited access to workers at the industrial sites and restricted access to hunters.
Crab Orchard Lake supports a large population of sport fish. Wetlands are found in some areas
adjacent to the lakes. Wildlife in the area includes many game and non-game species. CONWR has
habitat suitable for one endangered species, the Indiana bat.

History of Contamination

In the early 1940’s, the War Department, the predecessor to the Department of Defense
(DOD), used the area at the end of Crab Orchard Lake for the manufacturing of bombs, land mines,
and explosives. Manufacturing stopped at the end of World War II. The War Assets Department
transferred administration of the area to DOI in 1947, with the exception of the ammonia nitrate plant
(which was transferred to DOI in 1951) for use as a National Wildlife Refuge. The enacting
legislation, which created CONWR, required DOI to continue leasing former wartime industrial
buildings to industrial tenants (as was initiated by the War Assets Department). The industrial
manufacturing operations, which continue to the present, included at various times ammunition and
explosives, metal fabrication, plating, and manufacturing of printing inks, fiberglass boats, and
electrical components. Over the years, these tenants have disposed of their waste at several areas
within CONWR.

Tests performed in the eastern portions of COWR during the late 1970’s and early 1980°s
indicated that contaminants such as PCBs, lead, and cadmium were present. Based on these findings
and the potential threat of these contaminants to human health and the environment, USEPA placed
the Crab Orchard Site on the National Priorities List (NPL) in July 1987.

On February 26, 1986, the USFWS and USEPA entered into a Federal Facility Initial
Compliance Agreement, which required the performance of a Remedial Investigation/Feasibility
Study (RI/FS). USFWS and Sangamo Weston, Inc, which was one of the former industrial tenants at
CONWR, entered into a Cooperative Agreement to conduct the RI/FS at CONWR. USFWS and
Sangamo Weston began the RI/FS in 1986 and completed it in August 1988. The RI Report
investigated thirty-three study sites at CONWR, including two background sites. Based on the results
of the RI Report, USEPA, in consultation with DOI and Illinois EPA (IEPA), made available to the
public the draft-final FS Report and two Proposed Plans for remedial action. The first Proposed
Plan was for three study sites contaminated primarily with metals. These are designated as the
Metals Areas Operable Units (MAOU). The second Proposed Plan addressed four study sites that
were primarily contaminated with PCBs, lead, and cadmium. These are designated as the PCB Areas
Operable Unit (PCB OU).
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Pursuant to Section 120(e) of Comprehensive Environmental Response, Compensation, and
Liability Act (CERCLA), USEPA, Department of Army (DA), IEPA, and DOI signed a Federal
Facility Agreement (FFA) on September 13, 1991. Because the study sites differ in terms of
contamination problems, types of remedies and schedules that may be appropriate, or potentially
responsible parties (PRPs) etc., and because site problems are spatially distinct, FFA partners created
two additional OUs. These are the Explosive/Munitions Manufacturing Areas Operable Unit
(EMMA OU) and the Miscellaneous Areas Operable Unit (MISCA OU). EMMA OU included those
areas physically associated with explosives/munitions manufacturing and disposal sites at the Crab
Orchard Cemetery and Crab Orchard Plant areas within CONWR. MISCA OU included those sites
that were proposed in the August 1998 RI Report as needing further investigation. DOI created a
Water Towers Areas Operable Unit (WT OU) to remove lead contaminated soil in the vicinity of
three existing water towers and two previous Water Tower areas within CONWR.

In 1997, DOI created two more OUs, the Additional and Uncharacterized Sites Operable
Units (AUS OU) and the Lake Monitoring Operable Unit (LM OU). The purpose of the AUS OU is
to investigate any remaining uncharacterized areas within CONWR that were previously not
investigated in the 1988 RI Report. The AUS OU also included several additional sites that may be
suspected of contamination due to past disposal practices by several industrial tenants. The purpose
of the LM OU is to verify and take appropriate action, if Crab Orchard Lake is affected by the past
waste disposal activities at CONWR.

DOl is the lead agency for the MA OU, MISCA OU, PCB OU, WT OU, AUS OU, and the
LM OU. DA is the lead agency for the EMMA OU. Schlumberger, as a Settling Defendant signed a
Consent Decree (CD) with the USEPA and DOI. Under the terms of the CD, Schlumberger agreed to
perform the cleanup set out in the ROD for the PCB OU. USEPA is the lead agency for the
implementation of the remedial action required under the PCB OU ROD and enforcement of the
terms of the CD.

USEPA is responsible for conducting separate five-year reviews for all of the remaining
OUs except for the EMMA OU. Under the Executive Order 12580, DA is responsible for the five-
year review of the EMMA OU. The MA OU remediation was completed in 1998. The remaining six
operable units are in various stages of site investigation and/or construction. USEPA completed
five—year reviews of the PCB OU in September 2000 and the MA OU in September 2001. This five-
year review pertains only to the EMMA OU and will be provided to USEPA to be included in a Five-
Year Review Report of CONWR which will include all seven OUs.

Summary of Investigations and Remedial Actions at the EMMA OU

The EMMA OU was divided into 15 individual sites. The sites are grouped into three
discrete areas: ten sites are located in the Crab Orchard Cemetery (COC) area, named for the close
proximity to the Hampton Cemetery; four sites are located in the Crab Orchard Plant (COP) area,
near the Group Il load line and the former Ammonium Nitrate Plant; and one site is located in the
explosives compounds storage bunker area.

Initial Response

Based on the findings of the 1994 RI Report for the EMMA OU prepared by Environmental
Science & Engineering, Inc. (ESE), soil, sediment, surface water, and groundwater had been affected
at 13 of the 15 sites (COC-1 through COC-10, COP-1 through COP-4, and Bunker1-3). The sites
contained metals and nitroaromatic compounds in various media above background concentrations.
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Site COC-1

Site COC-1 is approximately 100 by 200 feet in area. The site was suspected of formerly
being a burial and detonation disposal area. An east-west oriented berm approximately 3 feet high
appeared to be a burial mound for mine springs. By themselves the springs have no explosive
capability.

Lead concentrations above background appeared to occur in the surface soils, ranging from
22.5 to 197 mg/kg. Background concentrations of lead are considered to be below 21.1mg/kg (ESE,
1994). Lead was also detected in one offsite sediment sample (21.9mg/kg). Concentrations of iron,
chromium, lead, zinc, cobalt, copper, mercury, nickel, and silver were detected as well.

Chloride and sulfate were detected above the background concentrations in the groundwater
during Phase I of the RI (at 31.6 mg/L and 1,600 mg/L respectively), but were not detected above
background during the Phase II. Metals detected in the groundwater above background or detection
limits include cadmium, aluminum, iron, manganese, vanadium, arsenic, chromium, lead, selenium,
zinc, barium, copper, nickel, potassium, silver, and thallium. No nitroaromatic compounds were
detected in any of the groundwater, soil, or sediment samples collected.

Site COC-2

Site COC-2 is approximately 250 by 350 feet in area and encompasses an old burn furnace
and two depressions. A subsurface clay drain tile extends to the northeast from the site and
discharges into a dry stream.

Lead was detected above background levels in Site COC-2 soil samples. Other metals
detected in the soil above background levels include antimony, beryllium, calcium, chromium,
copper, iron, and mercury primarily in the 0- to 2-foot interval samples. Monitoring well soil borings
samples contained TNT at depths of 5 to 7 feet (1.05 mg/kg) and 12 to 14 feet (1.50 mg/kg). A
sediment sample collected from the dry streambed northeast of the discharge point for the clay drain
tile exhibited selenium concentrations above background. Metals detected above background levels
in groundwater samples included barium, iron, manganese, potassium, and selenium. Chloride,
fluoride, and sulfate were also present above background levels. One groundwater sample exhibited
TNT concentrations above detection limits.

Site COC-3

Site COC-3 is a large area divided into two halves, the southern fenced heavily wooded area
and the northern area. Various sized pieces of TNT, metal debris, and asbestos containing tile were
found scattered across the northern half. The area of concentrated debris remained void of
vegetation. A north-south oriented erosional gully bisected the northern half, with the debris
concentrated on the west bank of the berm. Stained soil of an apparent burn layer was seen
approximately 2 feet below the gully bank. A sample from the stained soil contained 223,000 mg/kg
of TNT. Nitroaromatic compounds detected in the soils above detection limits included TNT; 1,3.5-
trinitrobenzene(TNB); 2-amino-4,6-dinitrotoluene (2-amino-4,6-DNT); 2,4-DNT, 1,3-dinitrobenzene
(1,3-DNB); 2-nitrotoluene; 4-nitrotoluene; tetryl; 2,6-DNT; and 4-amino-2,6-DNT. Metal
compounds present were antimony, arsenic, barium, beryllium, calcium, cadmium, chromium, ccbalt,
copper, iron, lead, magnesium, manganese, mercury, nickel, selenium, silver, and zinc.
Nitroaromatic compounds were observed primarily in the 0- to 2-foot levels with two boring samples
exhibiting nitroaromatic compounds in the 3- to 5-foot interval and one boring exhibiting
nitroaromatic compounds in the 7- to 9-foot interval samples. The prevalent metals (beryllium,
copper, antimony, mercury, and lead) were observed primarily in the 0- to 2-foot and 7- to 9-foot
interval samples with four borings exhibiting the metal compounds in the 3- to 5-foot interval and
two borings in the 4- to 6-foot interval samples.
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Nitroaromatic and metal compounds above background or detection limits were also detected
in Site COC-3 sediment samples.

Surface water samples collected at Site COC-3 exhibited nitroaromatic and metal compounds
above background concentrations including High Melting Explosive,
cyclotetramethylenetetranittranmine, octahydro-1,3,5,7-tetranitro-1,3,5,7-tetrazocine (HMX); 2,4-
DNT; copper; selenium; and sulfate.

Nitroaromatic compounds above detection limits present in groundwater samples included
Royal Demolition Explosive, cyclonite hexahydro-1,3,5-trinitro-1,3,5-triazine (RDX); nitrobenzene;
TNT; 1,3,5-TNB; 2,4,6-DNT; 2-nitrotoluene; 3-nitrotoluene; 4-amino-2,6-DNT; and 2-amino-4,6-
DNT. Both wells exhibited thallium and iron concentrations above background or detection limits in
groundwater samples. Additional compounds detected include chloride, fluoride, and sulfate.

Site COC-4

Site COC-4 is a rectangular area approximately 250 by 600 feet. Several man-made
depressions were thought to be the result of detonation disposal. A deep man-made depression
located at the north end of the site retained water and became a pond.

Soil samples exhibited TNT above detection limits. Metals detected in soil samples included
beryllium, cadmium, calcium, cobalt, copper, iron, magnesium, nickel, silver, and zinc. Sediment
samples collected from the depression exhibited detectable levels of antimony, beryllium, cadmium,
copper, and TNT.

Surface water samples collected from the deeper depression exhibited detectable metal
concentrations including aluminum, barium, calcium, chromium, cobalt, copper, iron, magnesium,
manganese, nickel, potassium, sodium, vanadium, and zinc. The groundwater samples collected
from Site COC-4 exhibited detectable concentrations of chloride, sulfate, TNT, barium, iron, lead,
and potassium.

Site COC-5

Site COC-5 is a fenced heavily vegetated area approximately 210 by 280 feet. A shallow
man-made depression was found in the southwestern corner of the site and a steeply sloped depressed
area on the eastern side formed a north-south oriented canyon-type feature.

TNT concentrations above detection limits were exhibited in a 5- to 7-foot interval soil
sample as well as in a sediment sample (1.4 mg/kg) from the man-made depression. TNT was not
detected in Phase II sediment samples.

Chloride, fluoride, and sulfate were detected in the groundwater samples collected from Site
COC-5. Various metals including barium, cadmium, iron, manganese, potassium, selenium, and
vanadium were also detected in shallow groundwater samples. Arsenic was detected in a Phase |
surface water sample. No organic constituents were observed above detection limits in surface water
samples.
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Site COC-6

Site COC-6 is a large triangular shaped fenced area covering approximately 6 acres. Several
variably sized man-made depressions assumed to be the result of detonation disposal activities were
found in the central and northern areas of the site. Small metal fragments were observed scattered
around these depressions. TNT was detected above background concentration limits in soil at this
site. Notable iron levels (up to 102, 000 mg/kg) were also observed. Beryllium, lead, and mercury
were detected in soil boring samples at depth. Additional metals detected in soil samples include
antimony, barium, cadmium, cobalt, copper, iron, magnesium, nickel, potassium, silver, and zinc.
Many of these metals were found in the 19- to 21-foot intervals. Two sediment samples exhibited
detectable TNT concentrations. Metals noted in other sediment samples included antimony, barium,
cadmium, and magnesium.

Metal compounds detected above background in the surface water included aluminum,
barium, calcium, iron, magnesium, potassium, and sodium. Groundwater samples also exhibited
levels of metals above background including potassium, selenium, zinc, cadmium, chromium, lead,
mercury, iron, barium, and nickel. Elevated levels of chloride (366 mg/L), fluoride (0.40 mg/L), and
sulfate (478 mg/L) were also detected in the groundwater. No nitroaromatic compounds were noted
above detection limits in the surface water or groundwater.

Site COC-7

Site COC-7 consists of approximately 2 acres of open area within a large field. An intact land
mine and land mine casing fragments were found at this site and provided evidence of detonation
disposal activities in this area. The intact land mine was not fused, and therefore, did not pose an
immediate detonation hazard. However, it was determined to be filled with the original explosive
filler, indicating a potential for detonation. The mine was isolated, collected, and destroyed by the
unexploded ordnance demolition team. The characteristic depressions observed at other disposal
sites were not evident at Site COC-7. No aromatic compounds above detection limits were detected
in soil samples collected from this site. Metals detected above background in the soil include
calcium, (2,530 mg/kg) and cobalt (22.9 mg/kg).

Groundwater samples collected from this site exhibited levels above background or detection
limits of cadmium, iron, potassium, and selenium, as well as detectable levels of chloride, fluoride,
and sulfate. A low level of TNT (0.00021 mg/L0 was detected in the Phase I groundwater sample.
However, no nitroaromatic compounds were detected in the Phase II sample. A probable cause of
this variance is the greater influx of groundwater during the Phase Il sampling as evidenced by the
elevated water levels noted during Phase II.

Site COC-8

Site COC-8 is located in an open area within a farmed field. Two magnetic anomalies
detected during the Confirmation Study were investigated during the RI. Magnetic anomalies
investigated at this site were identified as a sickle blade and metal fence posts. No aromatic
compounds were detected in samples collected from this site. Metals were detected in soil samples
collected from test pits at Site COC-8. Mercury was detected at 0.088 mg/kg, calcium at 2,340
mg/kg, and copper at 20.1 mg/kg. Mercury was detected at a concentration only slightly above the
average background concentration (0.046 mg/kg). The source of the mercury may be a result of use
of agricultural chemicals for fungal or pest control. A probable source of the copper and calcium
detected at this site is past farming activities [i.e., the metal farm implements noted above or use of
agricultural insecticides and/or fungicides (copper), and lime or other additives to the soil (calctum)].

10
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Site COC-9

Site COC-9 is approximately 4 acres of heavy vegetation. The northern portion is fenced.
Several man-made depressions were found in the area, with two located near the southern area and
the others located near the center and northern portions of the site. The depressions are thought to be
the result of ordnance disposal activities. Samples collected from test pits revealed a subsurface ash
layer roughly 15 feet in diameter, providing evidence of burning at this site.

Most of the samples collected from each medium at this site exhibited metal concentrations
above background with the most prevalent being arsenic, antimony, cadmium, chromium, copper,
iron, lead, nickel, and selenium. Additional metals detected in the soil in this area included
aluminum, barium, beryllium, calcium, cobalt, magnesium, mercury, potassium, silver, sodium,
thallium, vanadium, and zinc. The highest metal concentrations were observed in soil samples from
the 0- to 2-foot and 4- to6-foot intervals. Detectable levels of TNT, and 1,3,5-TNB were present in
sediment samples collected from the southern and northern depressions. The most commonly noted
metals detected in the sediment include arsentc, beryllium, chromium, iron, nickel, selenium, silver,
thallium, and zinc.

Several metal concentrations above background were detected in surface water samples
including, aluminum, barium, calcium, cobalt, copper, iron, magnesium, manganese, nickel,
selenium, and zinc. HMX was detected in a single surface water sample. Elevated sulfate levels
were also detected in surface water samples. Although TNT was detected in the Phase I groundwater
sample, no nitroaromatic compounds were detected in Phase II groundwater samples. A probable
cause of this variance is the greater influx of groundwater during the Phase II sampling as evidenced
by the elevated water levels noted during Phase II. Metal concentrations noted above background in
groundwater samples include arsenic, cadmium, cobalt, iron, manganese, nickel, potassium,
selenium, silver, vanadium and zinc. Chloride fluoride and sulfate were also detected in the Phase I
groundwater sample.

A sediment sample collected downgradient to the north of the site exhibited no nitroaromatic
compounds or metal concentrations above background.

Site COC-10

Site COC-10 is approximately 120 feet square and consists of a fenced area on the northern
edge of a corn field. This COC site is closer to the COP area than to the other COC sites. A large
portion of the site was taken up by an irregularly-shaped man-made depression. No ordnance were
observed at this site.

One soil sample collected in Phase I exhibited levels of nitroaromatic compounds above
detection limits (nitrobenzene at 0.0058 mg/kg). Two Phase I sediment samples contained TNT at
0.66 and 0.72 mg/kg. Phase II soil and sediment samples exhibited no detectable nirtroaromatic
compounds. The RI determined that explosive effects on soil and sediment at this site were defined
and localized. Beryllium, barium, cadmium, and copper were also detected in sediment samples
above background. Sediment samples collected downgradient of the site showed no levels of site
constituents above background or detection limits, indicating that surface migration from this site had
not occurred.

Aluminum, barium, calcium, copper, iron, magnesium, manganese, potassium, sodium,
vanadium, and zinc were present above background levels in surface water samples. Groundwater
samples from this site exhibited no detectable nitroaromatic compounds. Arsenic, barium, beryllium,
chromium, potassium, thallium, chloride and sulfate were detected in groundwater above background
concentrations.

11
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Site COP-1

Site COP-1 is an area containing a man-made impoundment that received drainage from the
Group II process buildings. Drainage from the impoundment went through a 12-inch pipe on the
west side of the impoundment to a small stream. This stream drains north to Crab Orchard Lake.
Numerous metals were detected in sediment samples collected from the impoundment and from the
streambed. However, few of the metals are consistently present in the samples. The metals most
commonly detected above background in sediment samples were calcium, lead, and mercury.
Additional metals detected in the sediment include antimony, beryllium, chromium, cobalt, copper,
manganese, silver, and zinc. One impoundment sediment sample and two streambed sediment
samples exhibited detectable levels of TNT. The compound 2,6-DNT was detected in one streambed
sediment sample.

Surface water samples from the impoundment exhibited detectable levels of RDX, HMX, and
1,3-DNB. Metals present in above background levels in the impoundment surface water samples
include aluminum, barium, cadmium, calcium, copper, iron, magnesium, manganese, sodium,
vanadium, and zinc. The groundwater sample collected in Phase I exhibited detectable levels of
1,3,5-TNB, antimony, beryllium, cadmium, and potassium. Also chloride, fluoride, nitrate, and
sulfate were detected. With the exception of thallium at 0.0031mg/L, no metals were detected in
Phase Il groundwater sample at concentrations above background levels. No nitroaromatic
compounds were detected in the Phase II groundwater samples. A probable cause of the variance |
analytical results between Phase I and Phase Il sample events is the greater influx of groundwater
during the Phase II sampling as evidenced by the elevated water levels noted.

Site COP-2

Site COP-2 is a former underwater storage area for bulk explosives. Sodium is the most
commonly detected constituent above background concentrations at this site, being present in most of
the surface soil samples (0- to 2-foot interval) at concentrations ranging from 1,860 to 3, 970 mg/kg
and one soil boring sample (5- to 7-foot interval) at 1, 960 collected during the installation of a
monitoring well. Magnesium, calcium, and mercury were present above background in one soil
samples collected during the installation of monitoring well MWS-1. Lead (24.9 mg/kg) and cobalt
(22.1 mg/kg were each detected in one surface soil sample. No nitroaromatic compounds or organic
constituents were detected in soil samples collected.

Groundwater samples exhibited detectable levels of metals including arsenic, selenium, and
thallium. Additional metals detected in groundwater samples include barium, iron, and potassium.
Chloride, fluoride, nitrate, and sulfate were also detected in groundwater samples. TNT was detected
in one groundwater sample during Phase [ sampling at a concentration of 0.0002mg/L. No
nitroaromatic compounds were detected in the Phase II sampling.

Site COP-3

Like Site COP-2, Site COP-3 is a former underwater storage area for bulk explosives. Metals
detected above background in soils include arsenic, barium, beryllium, calcium, cobalt, iron,
magnesium, mercury, and silver. Iron, calcium, magnesium, and manganese were the most prevalent
metals detected. The remaining metals were detected in only one or two soil borings at various
intervals between 0 and 21 feet. One soil boring exhibited TNT at the 4- to6-foot interval at 0.25
mg/kg. Sediment samples collected from areas draining this site contained no nitroaromatic
compounds or above background metals.

12
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Elevated levels of aluminum (21mg/L) and iron (10.1 mg/L) were detected in Phase I
groundwater samples. Additional metals above background in the Phase I groundwater samples
include antimony, barium, beryllium, cadmium, chromium, cobalt, manganese, and vanadium. Phase
IT groundwater samples exhibited an elevated chromium level (0.417 mg/L) in one well and 1,3-DNB
(0.332 mg/L) in another. Groundwater samples also exhibited detectable levels of chloride, fluoride,
and sulfate.

Site COP-4

Three types of disposal activities were identified at Site COP-4. These activities included
burning operations in the northwest portion of the site, burial activities in the southwest portion, and
surface dumping in the south central portion. The area is bounded by old roads and is transected in
an east-west direction by an old railroad grade. Extensive magnetic anomalies (identified in the area
south of the railroad tracks) and debris (found during excavation of test pits in this area) indicated
that this area may have been used as a burial or disposal area. The area north of the railroad tracks
was reported to have been used to burn ordnance. Land mine casings and pieces of TNT have been
observed on the surface in the southeast corner of Site COP-4 in an area referred to as the former land
mine disposal area.

TNT, HMX, RDX, and 1,3,5-TNB were detected in samples collected from and throughout
the soil column to a depth of 6 feet in the burial area south of the railroad tracks.

Concentrations of 2-amino-4,6-DNT, 2,6-DNT, 2-nitrotoluene, and 4-nitrotoluene were also
detected in soil samples. HMX and RDX were also detected in one soil boring in the 12- to 14-foot
interval. Metals such as antimony, arsenic, barium, beryllium, cadmium, calcium, chromium, cobalt,
copper, iron, lead, magnesium, manganese, mercury, nickel, silver, sodium, thallium, and zinc were
also detected in soils in varying sample intervals.

Surface soil samples collected from the reported burn area north of the railroad grade
contained no detectable concentrations of nitroaromatic compounds. One surface soil sample
exhibited levels of barium, calcium, copper, lead, silver, and zinc above background concentrations.
Soil samples collected from the former land mine disposal area revealed significant concentrations of
nitroaromatic compounds. Constituent concentrations were highest in the surface soils for RDX and
TNT in various sampling intervals between 0 and 10 feet. Metals detected ion soil samples were
sporadic in this area. Only three metals were detected above background more than once: calcium,
lead, and mercury.

Metals detected above background in groundwater samples included aluminum, antimony,
arsenic, barium, beryllium, cadmium, chromium, cobalt, copper, iron, lead, manganese, selenium,
silver, vanadium, and zinc. Arsenic, beryllium, chromium, copper, lead, and zinc were detected at
levels above background in samples from Well COP4-3 during Phase Il sampling. RDX was
detected in Phase 1I groundwater samples at 0.00118 and 0.00199 mg/L. No Phase I groundwater
samples exhibited detectable concentrations of nitroaromatic compounds.

Site Bunker 1-3

The Bunker 1-3 site is one of approximately 85 bunkers in Area 13 originally built for storage
of 500-pound bombs. There was a report of a chemical spill occurrence at Bunker 1-3. This spill
occurred in the adjacent field to the northwest side of the bunker as evidenced by an area of
discolored vegetation. During the Phase I investigation, one monitoring well was installed and
sampled, and three composite surface soil samples were collected. No sign of discolored vegetation
or other evidence of impact was observed during the Phase I field activities. One confirmatory
groundwater sample was collected during the Phase Il investigation and analyzed for nitroaromatic
compounds and priority pollutant metals. None of the surface soil, monitoring well boring soil, or
groundwater samples exhibited any nitroaromatic compounds above detection limits or metals above

13
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background levels.

Basis for Taking Action

The results of the Baseline Risk Assessment (BRA) concluded conditions at Sites COC-1,
COC-2, COC-5, COC-7, COC-8, COC-9, COC-10, COP-1, COP-2, COP-3, and Bunker 1-3 do not
pose an unacceptable potential risk to human health and the environment. There was a potential
unacceptable risk indicated at Site COC-6. However, this potential unacceptable risk at Site COC-6
is based on an exposure scenario that is extremely unlikely. Therefore, no further action was
recommended for those sites by the ROD for the EMMA OU prepared by ESE and signed by the
USEPA and the DA in February 1997.

The BRA indicated that Sites COC-3 and COP-4 posed a potential and unacceptable risk to
human health due to elevated levels of nitroaromatic compounds and metals in the soils.
Additionally, potential ecological risks to white-tailed deer, small mammals, and bobwhite quail were
identified with the two sites. The BRA indicated that Site COC-4 posed a potential ecological risk to
bobwhite quail, while not posing any unacceptable risk to human health. Ecological risks associated
with Site COC-4 are several orders of magnitude lower than the estimated potential risks at Sites
COC-3 and COP-4 and therefore the ROD did not include a selected remedy for Site COC-4.

The ROD determined the following selected remedy for Sites COC-3 and COP-4:

¢ Excavation and offsite treatment and disposal of soil with concentrations of
nitroaromatic compounds; greater than 100,000 mg/kg and lead greater than 450
mg/kg (approximately 270 cy)

e Removal of RDX/HMX contaminated soil at Site COP-4 to a depth of 2 feet below
grade within the fenced area and disposal at an offsite permitted special waste
landfill;

o Further removal and offsite disposal of soil shown by TCLP analysis to match the
RCRA definition of a characteristic hazardous waste (2,4-DNT greater than 0.13
mg/L and lead greater than 5 mg/L) at both sites;

e Backfill excavated areas and construction and long-term maintenance of 24-inch soil
covers, land use controls, and groundwater monitoring.

In addition, the DA conducted removal activities to address unexploded ordnance at the
EMMA sites. The response included surveying and excavation for unexploded ordnance over 20
acres and reforestation of 83 acres to eliminate intrusive land use activities. Both the remedial and
removal activities at the EMMA OU sites are complete.

14
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Table 2 below contains the remediation Goals for EMMA OU soils.

Table 2: Remediation Goals for EMMA OU Soil (mg/kg), Crab Orchard National Wildlife
Refuge, Marion, Illinois

""" Contaminant .- |~ ... Remediation Goal Basish |
NITROAROMATICS
TNT 2.11 PQL
1,3,5-TNB 2.25 _ PQL
HMX 4.19 PQL
RDX 4.13 PQL
METALS
Lead 450 MA OU and PCB OU
Remediation Goal

*The nitroaromatics remediation goals are based on the current Practical Quantitation Levels (PQLSs).
PQLs are generated by the laboratory based on site-specific samples/information. In the case of the
EMMA OU sites, enough data are available to provide PQLs based on analytical results from the
site. These PQL values are higher than the estimated method quantitation limits (QLs) due to matrix
interferences and other laboratory instrumentation interferences from the soils (clays) at the EMMA
OU sites. The estimation method QLs are developed under “ideal” situations (sands), where
extraction and analysis are optimal.

IV. Remedial Actions

Remedy Selection
The USEPA and DA signed the ROD for the EMMA OU at the CONWR on February 19,

1997. Remedial action was determined to be necessary at Sites COC-3 and COP-4, while no further
action is required at the remaining 12 EMMA OU sites. The selected remedy included:

e Excavation and offsite treatment and disposal of soil with concentrations of
nitroaromatic compounds; greater than 100,000 mg/kg and lead greater than 450
mg/kg (approximately 270 cy) for treatment at an offsite incinerator;

e Removal of RDX/HMX contaminated soil at Site COP-4 to a depth of 2 feet below
grade within the fenced area and disposal at an offsite permitted special waste
landfill;

e Further removal and offsite disposal of soil shown by TCLP analysis to match the
RCRA definition of a characteristic hazardous waste (2,4-DNT greater than 0.13
mg/L and lead greater than 5 mg/L) at both sites;

o Backfill excavated areas and construction and long-term maintenance of 24-inch soil
covers, land use controls, and groundwater monitoring.

Land use controls implemented at Sites COC-3 and COP-4 include restrictions of groundwater well
installation, subgrade activities, and pond creation within the perimeter of the soil covers. In
addition, the DA conducted removal activities to address unexploded ordnance at the EMMA sites.
The resi)onse included surveying and excavation for unexploded ordnance over 20 acres and
reforestation of 83 acres to eliminate intrusive land use activities.
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The studies undertaken at the EMMA OU identified potential human and ecological risks
associated with nitroaromatic compounds and metals, specifically lead, in soil at Sites COC-3 and
COP-4. The remedial objective for the EMMA OU is to minimize potential human health and
ecological risks associated with the direct contact of affected surface soils at Sites COC-3 and COP-
4. The overall response strategy consistent with CERCLA is to restrict the ability of humans and
animals to contact nitroaromatic compounds and lead in soils at Sites COC-3 and COP-4, while
monitoring the groundwater at Sites COC-3 and COP-4 for contaminants over time.

Both the remedial and removal activities at the EMMA OU sites are complete.

Remedy Implementation

In August 1999, a USACE contractor, SCI UXO/OE Services (SCI), located, identified, and
disposed of ordnance and explosives (OE) and OE/non-OE related scrap greater than one square inch
in size to a depth of one foot in sites COC-1, COC-4, COC-5, COC-6, and COC-15. In COC-1, the
whole area was cleared of OE and OE/non-OE scrap with the exception of a berm measuring
approximately 75° X 50° X 4°. At Site COC-4, a survey of all grid corners was completed; however
no OE clearance was conducted at that time. In Site COC-5, all grids were cleared of OE and non-
OE scrap. At Site COC-6, approximately 3.6 acres were cleared of OE and OE/non-OE crap. In Site
COC-15, approximately 0.35 acres were cleared of OE and OE/non-OE scrap.

Removal activities and site surveys were also conducted at Sites COC-1, COC-4, COC-5,
COC-6, and COC-15 from June 2000 to November 2000. The objective of this removal action was to
safely locate, identify, and dispose of all OE and OE/non-OE related scrap greater than one square
inch in size to a depth of one foot. The total area cleared was approximately 7.8 acres. A total of
21,000 pounds of OE scrap and 1,800 pounds of non-OE scrap were recovered, inspected, and
transferred offsite. At Site COC-1, OE and OE/non-OE scrap were excavated and removed from
0.09 acres contained within the 75’ X 50° X 4’ berm. At Site COC-4, OE and OE/non-OE scrap were
removed from 3.3 acres to a depth of one foot. At Site COC-6, OE and OE/non-OE scrap were
removed from 2.9 acres to a depth of one foot. At Site COC-15, a visual surface walkover and
geophysical survey were performed on 1.5 acres. Based on the result of the geophysical survey, OE
and OE/non-OE scrap were removed to a depth of one foot in three grid areas. Clearance was
accomplished on the entire 100” X 100 grid areas COC15-A2, COC15-D1, and COC15-F1 to a
depth of one foot.

The focus for implementing land use controls is on explosive safety risk. Land use controls
are needed at Sites COC-1, COC-2, COC-4, COC-5, COC-6 and COC-15 for the following reasons:

¢ OE may remain in areas or at depths not suspected or identified.
e Detection and removal methods are not always 100 percent effective; some ordnance may
remain undetected at depths or in areas already subjected to removal actions.

Studies conducted by USACE indicate that activities such as standing, walking, running,
jumping, sitting or lying prone have close to a zero risk hazard. Group activities also are very low
risk. Provided adequate notice is given and reasonable care is exercised, the former IOP is
considered suitable for any and all development involving intrusive activities. The best alternative to
reduce the OE risk is the use of construction support, monitoring, and institutional controls. Fences
and signs would be needed in areas where removal actions have not been conducted. Fence
construction would require OFE surface clearance in narrow lanes in which to drive in the fence posts.
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V.  Progress Since the Last Review

This is the first Five-Year Review for the EMMA OU.

VI. Five-Year Review Process

Administrative Components

In March 2005, Mr. Nan Gowda, USEPA Region 5 Superfund Division discussed with Mr.
Walt Perro, USACE, the need to have the EMMA OU incorporated into the 2006 Five —Year Review
for Crab Orchard National Wildlife Refuge. Ms. Karen Rabek of USACE Louisville District in a
phone conference with Mr. Gowda agreed to have USACE Louisville District conduct the EMMA
OU portion of the Five-Year Review. An agreement between Ms. Rabek and Mr. Gowda established
the following schedule:

Document Review Mid Dec - Mid Jun
Data Review Mid Dec - Mid Jun
Site Inspection January 19, 2006
Five-Year Draft Report June 30, 2006
Five-Year Final Report September 2006

Document Review
This first Five-Year Review consisted of a review of relevant documents including:

Investigation Former Illinois Ordnance Plant (UXB 1991)

Archives Search Report, Conclusions and Recommendations for the former I[llinois Ordnance Plant
(1993)

Record of Decision (ROD) for Crab Orchard National Wildlife Refuge, Explosives/Munitions
Manufacturing Area (EMMA) Operable Unit (OU) (ESE 1996)

Final Removal Report, Ordnance and Explosives (OE) Removal Action (SCI 2001)

Five-Year Review Report, Metals Areas Operable Unit (USEPA, Region 5, 2001)

Fact Sheet, former Illinois Ordnance Plant Now Crab Orchard National Wildlife Refuge (USACE
2004)

Environmental Land Use Control Plan, Crab Orchard National Wildlife Refuge NPL Site (USFWS
2004)

Long-Term Groundwater Monitoring, Sites COC-3 and COP-4, Crab Orchard National Wildlife
Refuge, Final Report - October 2005 Survey, (BAT Associates, Inc. 2006)
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Data Review

The following items included in Attachment C were reviewed:

Attachment C-1 lists the attendees of the 19 January 2006 site inspection. Attendees
represented the USEPA, IEPA, USFWFS and USACE.

Attachment C-2, the checklist for the 19 January 2006 site inspection was prepared by
USACE.

Attachment C-3, the Summary of Groundwater results for COC-3 (May 2001 — May 2006)
and the Summary of Groundwater results for COP-4 (May 2001 — May 2006)

Attachment C-4 consists of the COC-3 MW7, COC-3 MW8 and COP-4 MW9 soil
boring/monitoring well logs.

Attachment C-5 is the Restoration Information Management System, Formerly Used Defense
Sites (FUDS), Project Fact Sheet, HNC Revision: 13 April2006

Attachment C-6 is the Content Checklist for Five-Year Review Reports.

Groundwater Monitoring Results: The ROD required monitoring of groundwater at Sites
COC-3 and COP-4. At Site COC-3, one well (MW-06) is up gradient from the soil cover and
three pairs of wells (MW-03A and B, MW-04A and B, and MW-05A and B) are down
gradient. See Figure 2 in Attachment A. Based on Illinois Environmental Protection Agency
(IEPA) concerns, in April 2006, two more wells were installed down gradient (MW-07 and
MW-08). See the soil borings/monitoring well logs in Attachment C. At Site COP-4, one
monitoring well is up gradient of the cover (MW-02R) and four pairs of wells (MW-05A and
B, MW-06A and B, MW-07A and B, and MW-08A and B) surround the area of excavation.
One new well (MW-09) was installed cross gradient to further delineate the explosives
contamination at Site COP-4. See Figure 3 in Attachment A and the well logs in Attachment
C. Groundwater samples were collected from the original wells in 2001 through 2006. The
newly installed wells were added to the monitoring for the May 2006 round of sampling.
Results of the monitoring are summarized in Tables 1A and 1B in Attachment C.

COC- 3: The analytical results of the monitoring at COC-3 show concentrations of
nitrates/nitrites are well below the ARARS in all samples from all wells. Explosive
compounds, combined amino-dinitrotoluenes and 2,6-dinitrotoluene, were detected at levels
above their applicable or relevant and appropriate requirements (ARARSs) at two only wells,
MW-04A and MW-05A. Concentrations of 13 of the 23 TAL metals in unfiltered samples
exceeded at least one of their respective ARARSs in the last two rounds of sampling (October
2005 and May 2006) compared with 17 in May of 2001. The most frequent exceedances were
for aluminum, iron, lead, and manganese. Only aluminum, iron, lead, and selenium exceeded
their ARARs at the control up gradient well (MW-06). Only aluminum, iron, lead,
manganese and selenium exceeded their ARARs at the newly installed wells. Overall, the
levels of detected concentrations seem to be lower over time. Continued monitoring is
recommended to determine if natural attenuation is occurring.
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COP-4: The analytical results of monitoring at COP-4 reveal concentrations in all
groundwater samples from all wells were well below the applicable ARARs. Results for
explosives reveal that except for the November 2001 round of sampling, explosives only
show up in wells MW-06A and MW-07A. RDX and the combined amino-dinitrotoluenes
are found in groundwater samples from MW-07A and MW-06A. Groundwater samples from
MW-06A have also been found to have concentrations of 2,4-dinitrotoulene, 2,6-
dinitrotoluene, 2,4,6-trinitrotoluene, 1,3,5-trinitrobenzene, and 1,3-dinitrobenzene, but not at
every sampling event. Overall, the concentrations of explosives in the groundwater are lower
in the later sampling events. Concentrations of six TAL metals samples exceeded their
ARARS at COP-4 in the latest sampling event in May 2006. As in Site COC-3, the most
frequent exceedences are for aluminum, iron, and manganese. Only aluminum, iron, and
manganese exceeded their ARARSs at the newly installed well MW-09. Overall, the number
of analytes detected, as well as the concentrations, seems to be diminishing over time.
Continued monitoring is recommended to determine if natural attenuation is occurring.

Some metals and explosive compounds continue to be detected at values exceeding the ARARs at
both sites. See Attachment C. Continued groundwater monitoring at these sites is recommended to
determine the extents of the plumes and whether natural attenuation is occurring.

Site Inspection

A Site Inspection was conducted on January 19, 2006 by representatives of the Illinois
Environmental Protection Agency, U.S. Environmental Protection Agency, U.S. Fish and Wildlife
Service, and the U.S. Army Corps of Engineers. The purpose of the inspection was to assess the
protectiveness of the remedy. A complete list of inspection attendees is provided in Attachment C.
The team started at COC-3 then continued to COC-4, COC-1 and COP-4. Reforested areas between
COC-5, COC-6 and COC-1 were viewed from the edge of COC-3. The temperature was mid 40’s,
cloudy, and very windy.

Erosion damage at COC-3 had been repaired. At COC-3 and COP-4 here were no signs of
erosion and the grass was thick and healthy. The catch basin at COC-3 appeared to be in good
condition. The oak, hickory, and walnut trees that were planted in the reforested areas appear to be
growing well. The trees varied in height from 3 to 6 feet.

At the May 2006 round of groundwater sampling, the soil covers were inspected at Site COC-
3 and COP-4. Both covers look healthy and in very good shape. The cover inspection forms can be
seen in Attachment C.

Site Inspection Summary

The removal actions have all been successful. The sites are within fenced areas which limits
any exposures. Land use controls will continue to protect human health and the environment.

VII. Technical Assessment

Question A: Is the remedy functioning as intended by the decision documents ?
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Yes, the removal actions have all been successful. The quarterly and annual groundwater
monitoring has been maintained. The soil covers are in good shape and the sites are in fenced areas
and are inaccessible to the public.

Question B: Are the exposure assumptions, toxicity data, cleanup levels. and remedial action
objectives (RAOs) used at the time of the remedy selection still valid ?

Yes, the remedial action objectives are still valid.

Question C: Has any other information come to light that could call into question the protectiveness
of the remedy ?

The remedies are working as intended. However, in March 2006, a biologist with USFWS found
a mine south of sites COC-3 and COC-4 (see Figure 4). The mine was a live, explosively loaded, M-
21 Anti-Tank mine, unfuzed. The mine was seriously deteriorated due to rust and the explosives
were exposed. It was detonated in place in April 2006. USACE has an agreement with the IEPA to
resolve a DSMOA dispute at Camp Ellis. As part of this agreement, USACE pledged to follow the
emergency response procedures established by previous IEPA policy regarding munitions and
explosives of concern (MEC). Specifically, USACE will provide timely notification to the Illinois
Emergency Management Agency at (800-782-7860) of any live or potentially live MEC encounter
during future Camp Ellis field efforts. In addition, USACE agreed to conduct post detonation
sampling within a reasonably short period of time following any detonation in order to determine if
soils are impacted by residual nitroaromatics. Follow up for any contamination identified in
association with the destruction of MEC will be integrated into the planned HTRW investigations for
the site. This agreement between USACE and the IEPA would apply to Crab Orchard as well.

In April 2006, the Hunstville Center (HNC) revised the August 1993 Restoration Information
Management System Formerly Used Defense Sites (FUDS) Project Fact Sheet. The August 1993
Project Fact Sheet had given the Illinois Ordnance Plant a Risk Assessment Code (RAC) score of 2,
medium priority, to a score of 1, high priority (Attachment C). Due to the discovery of the mine and
the change in RAC score, USACE recommends that a new MMRP investigation, following the
CERCLA process, be initiated.

Technical Assessment Summary

The long-term monitoring appears to show some natural attenuation. The Sites COC-3 and
COP-4 are located within fenced areas, limiting access to the public. Access to these sites remains
closed to the public. The soil covers are in good shape with thick vegetation. Long-term
groundwater monitoring at both sites appears to show some natural attenuation.
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VIII. Issues

The removal actions along with the land use controls are protective of human heath and the
environment, however the groundwater sampling results show that there is a need for continued groundwater
monitoring to delineate the plumes and determine if natural attenuation is occurring. The discovery of the
mine so close to COC-3 and COP-4 is a reason for concern and investigation.

IX. Recommendations and Follow-up Actions

The recommendation is to maintain groundwater monitoring activities at Sites COC-3 and
COP-4. Continued groundwater monitoring at these sites is recommended to determine the extents of
the plumes and whether natural attenuation is occurring.

Due to the discovery of the mine and the change in RAC score, USACE recommends that a
new MMRP investigation, following the CERCLA process, be initiated.

X. Protectiveness Statement

The remedies at the Crab Orchard National Wildlife Refuge EMMA OU are protective of
human health and the environment, because the remedial actions and land use controls at both Site
COC-3 and Site COP-4 are protective.

XI. Next Review

The next review (expected to be in 2011) will be conducted within five years of the
completion of the Five —Year Review report which addresses all seven OUs at CONWR. The
completion date will be the date of the signature shown on the signature page attached to the front
cover of that report.
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Figure 1 Site Location Map

Figure 2 Site Map — Area COC-3

Figure 3 Site Map — Area COP-4

Figure 4 Mine Location March 13, 2006
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